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Abstract 26 

 Salmincola spp. are ectoparasitic crustacean copepods of major concern in wild 27 

and cultured salmonids.  These parasites can cause respiratory distress and facilitate the 28 

entry of secondary pathogens.  Of particular concern in the United States is S. 29 

californiensis, which can infest all Oncorhynchus spp. and is restricted largely to fresh 30 

water.  Bath treatments with formalin and hydrogen peroxide have traditionally been used 31 

to control S. californiensis infestations in cultured salmonids; however, these treatments 32 

can be difficult to apply, expensive and stressful to fish, and discharge of formalin in 33 

hatchery effluent may be an issue.  A more effective and efficient treatment method 34 

needs to be developed.   SLICE
®

 (0.2% emamectin benzoate; EB) is an in-feed treatment 35 

that has been shown to be effective for the control of sea lice infestations in seawater-36 

reared farmed salmon and trout.  We postulated that EB may also be efficacious for the 37 

control of parasitic copepods such as S. californiensis on freshwater-reared salmonids.  38 

Four trials were conducted to evaluate the effectiveness of SLICE
®

-medicated feed 39 

administered at a target dosage of 50 µg EB/kg fish biomass/d for seven consecutive days 40 

to control infestations of S. californiensis on freshwater-reared rainbow trout.  At the end 41 

of each trial (after either a 30 or 42-d posttreatment period) copepod prevalence in treated 42 

tanks was substantially reduced compared to pre-trial prevalence recorded in the 43 

reference populations.  Additionally, a significant difference was detected in mean 44 

abundance between treated and control groups, with a 79 – 96% reduction in mean 45 

abundance among fish offered the EB-medicated feed.  Based on results of these trials, it 46 
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was concluded that SLICE
®

 was efficacious in reducing infestations of S. californiensis 47 

on freshwater-reared rainbow trout. 48 

Introduction 49 

 Copepods are the most prevalent of the parasitic crustaceans affecting a wide 50 

range of marine and freshwater finfish worldwide (Lester and Hayward 2006).  51 

Salmincola spp. are parasitic copepods of major concern in wild and cultured salmonids. 52 

It has been reported that the incidence and spread of these parasites can be exacerbated 53 

by degraded environmental conditions such as increased water temperature, high organic 54 

loading, low dissolved oxygen, and overcrowding (Sutherland and Wittrock 1985).  Such 55 

parasitic copepods often open portals of entry for secondary, opportunistic pathogens, 56 

potentially increasing morbidity and mortality of fish (Cusack and Cone 1986; Bandilla et 57 

al. 2006).  Fish heavily infested with Salmincola spp. will flash, jump, or rub along hard 58 

surfaces as they try to rid themselves of the parasites.  Fish may become darker in color, 59 

produce excessive mucus, exhibit fatigue in flowing water, and go off feed (Conley 60 

1994).  As a result, reduced growth and fecundity of fish populations may occur (Gall et 61 

al. 1972; Sutherland and Wittrock 1985; Duston and Cusack 2002). 62 

 A Salmincola sp. of particular concern to salmonid culturists in the U.S. is S. 63 

californiensis.  This species is native to Pacific coastal drainages, but has been reported 64 

as far east as New Jersey and West Virginia (Hoffman 1999; Sutherland and Wittrock 65 

1985).  This copepod infests all Oncorhynchus spp., but  is restricted largely to fresh 66 

water.  The life cycle of S. californiensis is characterized by three phases including the 67 

free swimming stage, an infective copepodid stage, the attached juvenile stage (chalimus 68 
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I- IV), and the adult.  Adults include a large female, which attaches permanently to the 69 

host fish via a unique holdfast called a bulla, and a dwarf male, which attaches to the 70 

female, dies after mating, and is not parasitic per se (Roberts et al. 2004).  The 71 

macroscopic (2.5 – 8.0 mm total length) female is pale yellow, normally with two egg 72 

sacs dangling from the body, and is the most conspicuous of the adult S. californiensis 73 

(Conley 1994).  The copepod attaches primarily to the gills of fish, thus causing extensive 74 

gill damage (Kabata and Cousens 1977; Sutherland and Wittrock 1985; Lester and 75 

Hayward 2006).  At high levels of infestation, this species can also be found on the fish 76 

body surface and opercula and in oral cavities (Sutherland and Wittrock 1985).   77 

 Bath treatments of formalin and hydrogen peroxide have traditionally been used 78 

to control infestations of parasitic crustaceans, however, these treatments can be difficult 79 

to apply, expensive and stressful to fish (Stone et al. 2000a).  Additionally, most 80 

chemicals used for treatment are not approved for legal use in the U.S.  Some fish 81 

culturists have resorted to manual removal of individual S. californiensis from fish but 82 

have had only marginal success (Roberts et al. 2004).  Clearly, a more effective and 83 

efficient method needs to be developed to treat large numbers of cultured fish infested 84 

with S. californiensis. 85 

 SLICE
®
 (0.2% emamectin benzoate; EB; Merck Animal Health, Summit, New 86 

Jersey) is an in-feed treatment developed for the control of sea lice (e.g., Lepeophtheirus 87 

salmonis and Caligus elongatus) infestations in farmed salmon and trout.  It has been 88 

extensively tested to evaluate environmental safety, efficacy, and tolerance in Atlantic 89 

salmon Salmo salar, rainbow trout Oncorhynchus mykiss, and brown trout S. trutta in the 90 

marine environment (Armstrong et al. 2000; Roy et al. 2000; Stone et al. 1999, 2000a, 91 
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2000b, 2000c, and 2002).  Currently, SLICE
®
 is approved for the control of sea lice in 92 

salmonids in the United Kingdom, Europe, Norway, Chile, and Canada.  Emamectin is an 93 

avermectin developed initially for food crop use and is derived synthetically from 94 

avermectins produced by fermentation of the soil bacterium Streptomyces avermitilis.  95 

When EB is fed to fish, it is absorbed from the gut and distributed to a variety of tissues. 96 

When sea lice feed on the host fish, EB is taken into the tissues of the parasite, binds to 97 

ion channels of nerve cells and disrupts transmission of nerve impulses, resulting in 98 

paralysis and death of the copepods (BCCAHS 2007).  In addition, EB is metabolized 99 

and excreted slowly by fish, resulting in an extended period, up to 9 weeks, of protection 100 

from sea lice (Stone et al. 2000a).  Similar effectiveness was observed in studies by 101 

Hakalahti et al. (2004) evaluating the efficacy of EB to control Argulus coregoni on 102 

rainbow trout and by Duston and Cusak (2002) evaluating the efficacy of EB to control S. 103 

edwardsii in brook trout Salvelinus fontinalis.  We postulated that SLICE
®

 would be 104 

similarly effective for the treatment of other freshwater copepods, such as S. 105 

californiensis.  Four trials were conducted to evaluate the effectiveness of EB-medicated 106 

feed administered at a target dosage of 50 µg EB/kg fish biomass/d for seven consecutive 107 

days to control infestations of S. californiensis on freshwater-reared rainbow trout. 108 

Methods 109 

 Test facilities, test fish, and test article.—Trials 1 – 3 were conducted in southern 110 

Idaho at commercial fish production facilities rearing all-female populations of rainbow 111 

trout for market, and trial 4 was conducted at a Missouri Department of Conservation fish 112 

hatchery rearing mixed-sex populations of rainbow trout for sport fishing enhancement 113 

(Table 1).  In trials 1 and 2, SLICE
®

-medicated feed was purchased from Skretting 114 
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(Vancouver, British Columbia, Canada).  In trials 3 and 4, we obtained SLICE
®
 premix 115 

from Merck Animal Health Corp. and top-coated the premix onto feed supplied by and 116 

typically fed at each test facility.  To verify EB doses administered, we collected samples 117 

of medicated and control feeds and had the samples analyzed for EB concentration at 118 

Eurofins/AvTech Laboratories, Inc. (Portage, Michigan). 119 

 Experimental hypothesis and design.—In each trial, the null hypothesis was that 120 

(1) mean abundance of live adult female S. californiensis on fish in the EB-treated group 121 

was equal (P ≥ 0.05) to that in the nontreated (control) group or that (2) percent reduction 122 

in mean abundance of live adult female S. californiensis was <90%.  We chose to count 123 

live adult females only because males are not parasitic, and adult males and many of the 124 

immature life stages of both sexes can be difficult to see without magnification.  Two 125 

other criteria had to be met to ensure the validity of trial results: (1) at the beginning of 126 

each trial, mean abundance (number of parasites counted in a group of fish divided by 127 

total number of fish in the group) and prevalence (percentage of fish in a group with one 128 

or more parasites) of live adult female S. californiensis had to be ≥3/fish and ≥70%, 129 

respectively; and (2) at the end of the trial, the infestation level (mean abundance and 130 

prevalence) in the control tanks had to be ≥50% of that observed at the beginning of the 131 

trial. 132 

 Completely randomized designs (Petersen 1985) were used to allocate fish from 133 

naturally infested reference populations held in raceways to test tanks (20 fish/tank) and 134 

assign treatment conditions to tanks (3 – 5 tanks/treatment, depending on the trial; Table 135 

1).  Each trial comprised a 1 – 12 d pretreatment acclimation period, 7 d treatment period, 136 

and 30 d (trials 1 and 2) or 42 d (trials 3 and 4) posttreatment period (Table 1).  Based on 137 
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the results of trials 1 and 2 and information from the literature (Stone et al. 2000b and 138 

2000c, Treasurer et al. 2002, Gunn et al. 2011), longer posttreatment periods for trials 3 139 

and 4 were used in an effort to quantify potentially greater levels of treatment efficacy as 140 

measured by percent reduction in mean abundance.  In each trial, feed was administered 141 

by hand twice daily during the treatment period and once or twice daily during the pre- 142 

and posttreatment periods.  Feed was administered at 0.5% initial mean fish body weight 143 

(BW)/d (trials 1 – 3) or 1.0% initial mean BW/d (trial 4) and not adjusted for growth or 144 

mortality.  Masking procedures were used in all trials to ensure individuals feeding fish 145 

and collecting crucial data (e.g., S. californiensis counts) did not know which tanks were 146 

treated and which were controls. 147 

 Experimental procedures.—Before a trial started, 30 fish from the reference 148 

population were impartially collected and euthanized in 200 mg/L tricaine 149 

methanesulfonate solution (tricaine; Tricaine-S
®
, Western Chemical, Inc., Ferndale, 150 

Washington; Finquel
®
, Argent Chemical Laboratories, Redmond, Washington).  The 151 

number of S. californiensis on each fish was counted and specimens were collected for 152 

confirmation as S. californiensis by qualified personnel at the U.S. Fish and Wildlife 153 

Service, La Crosse Fish Health Center (Onalaska, Wisconsin) according to methods 154 

described in Margolis and Kabata (1988).  Twenty of these 30 fish were also randomly 155 

selected and evaluated for fish health.  Fish health evaluations included gross 156 

observations of major external and internal organs and tissues. Additionally, a skin 157 

scraping was taken and examined microscopically for the presence of other ectoparasites 158 

and bacteria.  In all but trial 4, routine bacteriology was performed for presumptive 159 

diagnosis of fish pathogens historically found at each site. 160 
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 Trial 1(Magic Springs Trout Hatchery, Hagerman, Idaho)—The reference 161 

population comprised approximately 500 adult female rainbow trout (Table 1) held for 12 162 

d in a section of a single raceway.  The raceway had a rearing volume of 21,404 L, a 163 

water inflow of 2,718 L/min and a water turnover rate of 7.6 exchanges/h.  The reference 164 

population had an estimated infestation prevalence of 93% and mean ± SD abundance of 165 

5.5 ± 4.6 S. californiensis/fish.  A total of 200 reference population fish were impartially 166 

captured and allocated among 10 rectangular (2.10 m long × 0.52 m wide) concrete tanks 167 

(431.5 L
 
volume, 37.9 L/min inflow).  The tanks were supplied with

 
first-pass water from 168 

the same source that supplied the reference population raceway; S. californiensis carrier 169 

fish were present in the water supply.  The posttreatment period lasted 30 d.  During the 170 

pretreatment period, fish that died were replaced with fish from the reference population 171 

to ensure 20 fish/tank were available at the start of the treatment period, however, no 172 

mortalities were replaced within 24 h of initiating treatment. 173 

 Trial 2 (Clear Springs Foods (CSF) Research and Development Facility (RDF), 174 

Buhl, Idaho) —The reference population comprised approximately 9,016 adult female 175 

rainbow trout (Table 1) held in a single raceway at the CSF Briggs East Facility (Buhl, 176 

Idaho).  The raceway had a rearing volume of 74,417 L, water inflow of 6,796 L/min and 177 

a water turnover rate of 5.5 exchanges/h.  Test fish were impartially captured, sedated in 178 

a 40 mg/L benzocaine solution (Benzoak
®
, ACD Pharmaceuticals, Alesund, Norway) and 179 

visually examined for S. californiensis.  All fish with one or more of the parasites were 180 

placed in a subsection of the raceway to create a secondary reference population of 181 

approximately 200 infested fish.  These fish were transported (~2 mi) in plastic 182 

containers (oxygen supplementation provided) to the CSF RDF, where most were 183 
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immediately transferred to eight tanks or used for pretreatment S. californiensis counts, 184 

collection of copepods for definitive identification to species, or fish health evaluations.  185 

Test tanks were circular and made of fiberglass (1.04 m diameter; 0.53 m water depth; 186 

432.6 L/tank; water inflow, 41.6 L/min/tank).  The tanks were supplied with third-pass 187 

water that was (to the best of our knowledge) devoid of S. californiensis carrier fish  The 188 

secondary reference population had an estimated infestation prevalence of 100% and 189 

mean abundance of 7.9 ± 6.3 S. californiensis/fish.  The posttreatment period lasted 30 d. 190 

 Trial 3(CSF RDF).—The reference population comprised approximately 7,540 191 

adult female rainbow trout (Table 1) held in a single raceway at the CSF Briggs East 192 

Facility.  The raceway had a rearing volume of 74,417 L, water inflow of 6,796 L/min 193 

and a water turnover rate of 5.5 exchanges/h.  Approximately 230 reference population 194 

fish were impartially captured and transported to the CSF RDF.  Methods of transfer, test 195 

tanks used, and source water supplied were the same as in trial 2.  The reference 196 

population had an estimated infestation prevalence of 100% and mean abundance of 7.3 ± 197 

6.0  S. californiensis/fish.  The posttreatment period lasted 42 d. 198 

 Trial 4 (Maramec Spring Fish Hatchery, St. James, Missouri)—The reference 199 

population comprised approximately 1,007 adult, mixed-sex rainbow trout (Table 1) held 200 

in a single raceway.  The raceway had a rearing volume of 95,009 L, a water inflow of 201 

9,462 L/min and a water turnover rate of 6.0 exchanges/h.  A total of 120 test fish were 202 

impartially captured and allocated to six rectangular “holding boxes” (2.44 m long × 0.91 203 

m wide × 0.91 m high) made of aluminum or wood with mesh screen bottoms and sides.  204 

Positioned in two rows of three in the raceway, these tanks were supplied with the same 205 

first-pass water supplied to the reference population raceway.  Fish infested with S. 206 
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californiensis were present in this water supply.  The reference population had an 207 

estimated infestation prevalence of 77% and mean abundance of 6.6 ± 12.6 S. 208 

californiensis/fish.  The posttreatment period lasted 42 d. 209 

Data collection.—Mortality, general fish and feeding (appetite) behaviors, water 210 

temperature, and dissolved oxygen concentration data were collected daily during the 211 

pretreatment and treatment periods but less frequently during the posttreatment periods.  212 

Hardness, alkalinity, and pH were measured at the beginning of a trial from a water 213 

sample collected from the reference population raceway and at the end of a trial from a 214 

water sample collected from one arbitrarily selected tank.  Measured water quality 215 

parameters were considered sufficient to rear healthy rainbow trout (Table 1).  Mortalities 216 

were removed from each tank and recent mortalities or moribund (approaching death) 217 

fish were examined externally and internally (unless postmortem changes precluded 218 

necropsy).  Skin scrapings were examined by light microscopy for ectoparasites and 219 

bacteria and samples of kidney tissue were collected for bacteriology (except in Trial 4). 220 

General fish behavior was assessed and characterized as normal or abnormal for 221 

each tank, and any abnormal behaviors (e.g., flashing, piping at the surface) were 222 

described.  Appetite behavior was observed and recorded twice daily during the treatment 223 

period and once daily during the posttreatment period.  Feeding behavior was assessed on 224 

a 5-point ordinal scale based on the relative amount of feed offered that was consumed 225 

and aggressiveness of fish when offered feed (0 = no feed was consumed and fish showed 226 

no interest in feeding; 1 = approximately 25% of feed was consumed and fish showed 227 

little interest in feeding; 2 = approximately 50% of feed was consumed and fish showed 228 

moderate interest in feeding; 3 = approximately 75% of feed was consumed and fish 229 
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showed moderate interest in feeding and fed below the water surface; and 4 = 230 

approximately 100% of feed was consumed and fish fed aggressively, with some 231 

breaking the water surface during feeding).   The numbers of S. californiensis were 232 

counted on all live fish remaining in test tanks at the end of each trial.  Fish were 233 

collected individually, lightly sedated in 200 mg/L tricaine, and live, attached, adult 234 

female copepods on gills, opercula, skin, fins, and mouth were counted. 235 

 Data analyses.—At the end of each trial, mean abundance of S. californiensis was 236 

compared between treatment groups with a mixed-model, nested analysis of variance 237 

(ANOVA; P < 0.05; SYSTAT 2007; Bowker et al., in press).  In this analysis, tank was 238 

the experimental unit, fish was the observational unit, treatment was the fixed factor, and 239 

tank nested within treatment was the random factor.  To compensate for some S. 240 

californiensis counts of zero, the count for each fish was increased by one and loge-241 

transformed before analysis.  The least squares means from the ANOVA were back-242 

transformed (e
treatment group mean

) to geometric means, which were used to calculate percent 243 

reduction in mean abundance (treated group compared with control group). 244 

 245 

This equation was based on Abbott (1925) and adapted from Stone et al. (2000a, 2000b, 246 

2000c, and 2002) for log-transformed data and estimates the relative magnitude of the 247 

treatment effect achieved, which is useful for making biological effect-size comparisons 248 

(Nakagawa and Cuthill 2007) of treatment efficacy across trials conducted with a variety 249 

of fishes under a variety of experimental designs, parasite infestation levels, and 250 

environmental conditions. 251 
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 At the end of each trial, mean cumulative mortality was compared between 252 

treatment groups with a mixed-effects logistic model fitted in SAS Proc GLIMMIX 253 

(Wolfinger and O’Connell 1993; SAS 2008; Bowker et al. 2010).  The random effect of 254 

tank was modeled with an R-side covariance structure, and the difference between groups 255 

was considered significant if P < 0.05. 256 

Results 257 

Trial 1 258 

Mean abundance of S. californiensis in treated tanks (3.3 ± 5.4/fish) was 259 

significantly (P < 0.001) different from that in control tanks (9.5 ± 8.1/fish; Table 2).  260 

Fewer than two copepods were found on 67% of the 83 treated fish alive at the end of 261 

trial compared with 18% of the 90 control fish (Figures 1 and 2).  Percent reduction in 262 

mean abundance was 79%.  Infestation prevalence (93% in the reference population) 263 

decreased substantially in treated tanks (mean, 43%; range, 33 – 53%) but remained high 264 

in control tanks (mean, 91%; range, 85 – 100%; Table 2). 265 

Mortality occurred in both treatment groups; however, mean cumulative mortality 266 

in treated tanks (16%; range, 5 – 25%) was not significantly (P = 0.290 different from 267 

that in control tanks (10%; range, 0 – 20%).  Approximately 26% of all mortalities 268 

occurred during the treatment period.  During the treatment period, fish in all tanks ate 269 

approximately 75% of feed offered.  During the posttreatment period, fish ate 270 

approximately 100% of feed offered.  Throughout the trial, general fish behavior was 271 

characterized as normal in all tanks. 272 
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During pretrial fish health evaluations, Ambiphrya sp. was detected on six fish, 273 

and Trichodina sp. was detected on one fish but both of these parasites were found at 274 

very low levels (≤1 organism/skin-scrape slide).  Cultured kidney tissue samples 275 

exhibited insignificant or no bacterial growth.  Two treated fish that died during the 276 

treatment period were evaluated for cause of death and bacteria presumptively identified 277 

as Aeromonas salmonicida were cultured from the kidney tissue of one of these fish but 278 

the fish did not show clinical signs of furunculosis disease.  One control fish that died 279 

during the treatment period was necropsied and appeared normal internally but externally 280 

had fungus on the body surface.  Necropsies of fish that died during the posttreatment 281 

period were inconclusive for cause of death. 282 

The mean analytically verified EB dose administered to fish was 42 µg EB/kg 283 

fish/d (84% of target).  No EB was detected in control feed. 284 

Trial 2 285 

 Mean abundance of S. californiensis in treated tanks (1.9 ± 4.2/fish) was 286 

significantly different (P = 0.001) from that in control tanks (6.6 ± 6.7/fish; Table 2).  287 

Fewer than two copepods were found on 78% of the 77 treated fish at the end of the trial 288 

compared with only 12% of the 81 control fish remaining (Figures 1 and 2).  Percent 289 

reduction in mean abundance was 83%.  Infestation prevalence (100% in the reference 290 

population) had decreased substantially in the treated tanks (mean, 48%; range, 40 – 291 

60%) but had remained high in control tanks (mean, 98%; range, 91 – 100%; Table 2). 292 

 Also, at the end of the trial, mean percent cumulative mortality in treated tanks 293 

(2.5%; range, 0.0 – 10.0% per tank) was not significantly different (P = 0.644) from that 294 
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in control tanks (1.3%; range, 0.0 – 5.0% per tank).  All mortalities occurred during the 295 

posttreatment period.  General fish behavior was characterized as normal in all tanks, and 296 

fish in all tanks consumed approximately 75% of feed offered daily. 297 

 Pretrial fish health evaluations detected very low levels (≤1 parasite /skin-scrape 298 

slide) of Gyrodactylus spp. on three fish.  Only one of the fish that died during the trial 299 

was necropsied; no bacteria were detected in the kidney tissue or spleen tissue imprints 300 

and cultures made from this fish. 301 

 The mean analytically verified EB dose administered to fish was 44 µg EB/kg 302 

fish/d (88% of target).  No EB was detected in control feed. 303 

Trial 3 304 

 Mean abundance of S. californiensis in treated tanks (1.3 ± 5.7/fish) was 305 

significantly different (P < 0.001) from that in control tanks (12.2 ± 13.7/fish; Table 2).  306 

Fewer than two copepods were found on 90% of the 62 treated fish alive at the end of the 307 

trial compared with only 7% of the 68 control fish (Figures 1 and 2).  Percent reduction in 308 

mean abundance was 96%.  Infestation prevalence (100% in the reference population) 309 

had decreased substantially in treated tanks (mean, 15%; range, 5 – 33%) but had 310 

decreased only slightly in control tanks (mean, 93%; range, 82 – 100%; Table 2). 311 

 Mean percent cumulative mortality in treated tanks (mean, 24.7%; range, 10.0 – 312 

40.0% per tank) was not significantly different (P = 0.376) from that in control tanks 313 

(mean, 15.0; range, 0.0 – 30.0% per tank).  Approximately 6% of all mortalities occurred 314 

during the treatment period.  General fish behavior was characterized as normal in all 315 
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tanks.  Fish in all tanks ate approximately 75% of feed offered during the treatment 316 

period and 100% of feed offered during the posttreatment period. 317 

 Reference population fish appeared normal during pretrial fish health evaluations, 318 

and there was no evidence of secondary ectoparasites or bacteria.  Two fish that died 319 

during the treatment period and 30 fish that died during the posttreatment period were 320 

examined and considered apparently normal, except for the culture of soluble brown 321 

pigmentation from kidney tissue samples that was consistent with A. salmonicida 322 

although no clinical signs of furunculosis were observed. 323 

The mean analytically verified EB dose administered to fish was 49 µg EB/kg 324 

fish/d (98% of target).  No EB was detected in control feed. 325 

Trial 4 326 

 Mean abundance of S. californiensis in treated tanks (1.3 ± 3.8/fish) was 327 

significantly different (P = 0.017) from that in control tanks (12.5 ± 22.9/fish; Table 2).  328 

Fewer than two of the copepods were found on 82% of the 51 treated fish remaining at 329 

the end of the trial compared with only 38% of the 42 control fish (Figures 1 and 2).  330 

Percent reduction in mean abundance was 90%.  Infestation prevalence (77% in the 331 

reference population) had decreased substantially in the treated tanks (mean, 26%; range, 332 

18 – 32%) but had remained near the pretrial level in control tanks (mean, 74%; range, 56 333 

– 92%; Table 2).   334 

 Also, at the end of the trial, mean cumulative mortality in treated tanks (1.7%; 335 

range, 0.0 – 5.0% per tank) was not significantly different (P = 0.895) from that in 336 
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control tanks (2.4 %; range, 0.0 – 7.1% per tank).  All mortalities occurred during the 337 

posttreatment period.  At the end of the trial, live fish remaining in each tank were hand 338 

counted and some fish were unaccounted for and presumably escaped or were taken by 339 

predators such as great blue herons.  To more accurately reflect relative mortality, the 340 

number of fish unaccounted for in a tank was subtracted from the number of fish in that 341 

tank at the start of the trial.   General fish behavior was characterized as normal in all 342 

tanks.  Overall, fish in treated and control tanks ate approximately 50% of feed offered 343 

during the treatment period and 75% of feed offered during the posttreatment period.  On 344 

treatment days 2 – 4 heavy rain increased turbidity of water in the raceway holding the 345 

tanks.  Feed consumption was at least 75% on the first day of the treatment period, 346 

decreased over the next 4 d to as low as 0 or 25%, and then increased to 50 or 75% 347 

during the last 2 d of the treatment period. 348 

 Pretrial fish health evaluations of reference population found that fish appeared 349 

normal; no bacteria or secondary ectoparasites were detected in the skin scrapes and 350 

internal organs appeared mostly normal (e.g., spleen of one fish was granular and was 351 

enlarged in another fish).  Postmortem changes precluded performing necropsies on fish 352 

that died during the trial. 353 

 The mean analytically verified EB dose administered to fish was 44 µg EB/kg 354 

fish/d (88% of target).  No EB was detected in control feed. 355 

Discussion 356 

 The goal of the each trial was to evaluate the effectiveness of SLICE
®
 357 

administered in feed at 50 µg EB/kg of fish/d for seven consecutive days to reduce a 358 
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natural infestation of S. californiensis in test populations of adult, freshwater-reared 359 

rainbow trout.  In all four trials, treatment significantly reduced mean abundance of the 360 

copepods and substantially reduced infestation prevalence.  Percent reduction in mean 361 

abundance was ≥90% in trials 3 and 4 (42 d posttreatment periods) but was only 79% and 362 

83% in trials 1 and 2 (30 d posttreatment periods), respectively.  Although efficacy was 363 

not conclusively demonstrated in trials 1 and 2 because we did not meet both of our null 364 

hypothesis criteria, results from all four trials indicate that the EB treatment regimen 365 

administered can reduce natural infestations of S. californiensis in freshwater-reared 366 

rainbow trout.  In addition, results indicate that a greater level of reduction is likely to be 367 

observed after 42 d compared with the 30 d posttreatment period. 368 

 It is possible that treatment efficacy could have been enhanced in trials 2 and 3 369 

because test fish were drawn from a production facility that was S. californiensis-positive 370 

and transferred for testing to a research facility considered S. californiensis-negative.  By 371 

the end of trial 2, mean abundance of S. californiensis in the control group had decreased 372 

16% compared with the pretreatment mean abundance level in the reference population.  373 

In contrast, by the end of trial 3, mean abundance of S. californiensis in the control group 374 

had increased 67% compared with the pretreatment mean abundance level in the 375 

reference population.  These results suggest that moving infested fish to a facility or 376 

raceway that is free of S. californiensis will not substantially reduce an infestation in 377 

those fish and is unlikely to have influenced apparent EB treatment efficacy in these 378 

trials. 379 

 It is also possible that treatment efficacy could have been adversely affected in all 380 

four trials because fish in treated tanks did not appear to eat full rations of feed during the 381 
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treatment period.  Dustin and Cosack (2002) commented they were surprised that 382 

treatment with EB-medicated feed was effective in reducing an infestation of S. 383 

edwardsii in adult, freshwater-reared brook trout Salvelinus fontinalus because the fish 384 

had a poor appetite, indicating a relatively low actual dose that can have therapeutic 385 

value.  They also stated the variability between fish relative to treatment efficacy was 386 

likely a result of the competitive feeding nature in the population, resulting in individual 387 

fish not consuming equal amounts of medicated feed.  There are inherent difficulties in 388 

treating a population of sick fish with medicated feed to ensure that the therapeutic dose 389 

was properly administered due to the competitive nature of feeding a population rather 390 

than individual animals (Storey 2005; Samuelsen 2006).  Failure of some of the less-391 

aggressive fish to consume a sufficient amount of medicated feed might have been the 392 

reason that there was ≥ 15 copepods on 2 – 5 fish at the end of each trial.  We speculate 393 

that if all fish had consumed a full ration of feed, or at least enough feed to deliver a 394 

therapeutic dose, that the relative number of fish in each trial with no copepods would 395 

have approached 100%. 396 

 The efficacy of EB to reduce infestations of other copepods on freshwater 397 

salmonids has been demonstrated by others.  As previously stated, Duston and Cusack 398 

(2002) treated adult, freshwater-reared brook trout with SLICE
®
-medicated feed at the 399 

same dosage as that used in our study (50 µg EB/kg fish/d for 7 d) to control a natural 400 

infestation of S. edwardsii.  In two independent experiments (7 d or 31 d posttreatment 401 

periods), efficacy was evaluated by comparing percent change in abundance between 402 

treated and control groups.  In both experiments, mean abundance was significantly 403 

reduced (40 – 60%; P < 0.05) within the treated groups while increasing by 404 
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approximately 20% within the control groups.  Hakalahti et al. (2004) administered 405 

SLICE
®

-medicated feed at the same dosage used in our study to captive-reared rainbow 406 

trout to control a natural infestation of A. coregoni and found that treatment significantly 407 

reduced abundance.  Results from their study were comparable to results observed by 408 

Hanson et al. (2011) in which no Argulus spp. were found on koi carp (Cyprinus carpio) 409 

or goldfish (Carassius auratus) at the end of the 7-d treatment period using the same 410 

dosage of SLICE
®

-medicated feed.  Results from our trials were more comparable to 411 

results from Armstrong et al. (2000) and Stone et al. (2000a, 2000c) in which SLICE
®
-412 

medicated feed administered to replicate groups of Atlantic salmon at the same dosage 413 

was used to control natural infestations of sea lice (L. salmonis and/or C. elongates).  At 414 

the end of each study, mean abundance in the treated group was significantly less than 415 

that in the control group.  Additionally, Stone et al. (2000a) reported treatment efficacy 416 

(abundance of L. salmonis on Atlantic salmon in treatment tanks versus controls) of 417 

≥90% for two successive weeks starting at 42 d posttreatment and Stone et al. (2000b) 418 

found successively higher percent efficacy relative to controls from day 1 through day 28 419 

posttreatment. 420 

 At the end of two of our trials (1 and 3), mortality was relatively high in both 421 

treated and control tanks.  Although differences between treated and control tanks were 422 

not significant, mortality was higher in treated tanks than in control tanks.  Due to the 423 

similar cumulative mortality in treated and control tanks, as well as information from the 424 

literature, it was presumed that the elevated mortality was not due to EB and was likely 425 

due, in part, to the copepod infestation.  Roy et al. (2000) observed no mortality in 426 

Atlantic salmon and rainbow trout fed diets containing a seven-fold higher EB dose than 427 
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administered in our trials.  Although kidney tissue cultured from some dead/moribund 428 

treated and control fish collected in our trials produced bacterial colonies 429 

morphologically consistent with A. salmonicida, no clinical signs of furunculosis were 430 

noted in any test fish.  According to CSF personnel and other commercial trout producers 431 

in the area (Tom Van Tassel, Magic Springs Trout Hatchery, ID, personal 432 

communication), chronically elevated mortality is frequently observed in rainbow trout 433 

production populations during severe Salmincola spp. infestations.  In addition to the 434 

physical and respiratory stressors associated with Salmincola spp.-infestation (Kabata and 435 

Cousins 1977; Sutherland and Wittrock 1985), this and other ectoparasites can reduce 436 

disease resistance in fish and be vectors for secondary fish pathogens (Bowers et al. 437 

2000; Piasecki et al. 2004; Bandilla et al. 2006).   438 

 In conclusion, the results of our four trials indicate that SLICE
®
, when 439 

administered in feed at a dosage of 50 µg EB/kg fish/d for 7 d, can significantly reduce 440 

natural infestations of S. californiensis in freshwater-reared rainbow trout.  Additional 441 

trials conducted with posttreatment periods longer than 42 d may help identify the point 442 

in time at which maximum treatment efficacy is achieved. 443 
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TABLE 1.  Trial information, test fish, experimental design, mean analytically verified emamectin benzoate (EB) dose administered (µg/kg fish/d) 

and percentage of target dose, and water quality in four trials to evaluate the efficacy of SLICE
®
-medicated feed to reduce natural infestations of 

Salmincola californiensis on rainbow trout. 

Fish sex and size
a, b

  Experimental design and EB dose administered 

Pre- and 

posttreatment 

durations (d)
c
 

Trial number and site Trial dates Sex 

Mean (SD) 

total length 

(mm) 

Mean (SD) 

weight 

(g) 

 

Number 

of tanks Pre Post 

Mean EB dose 

administered 

(% of target dose)
d, e

 

1 Magic Springs Trout 

Hatchery 
Jun – Jul 

2010 
F 

316 

(22) 

400 

(89) 

 
5 treated 

5 control 
12 30 

42 

(84%) 

2 Clear Springs 

Research and 

Development 

Facility 

 

Jun – Jul 

2010 
F 

362 

(32) 

645 

(184) 

 

4 treated 

4 control 
5 30 

44 

(88%) 

3 Clear Springs 

Research and 

Development 

Facility 

 

Oct – Dec 

2010 
F 

339 

(38) 

517 

(178) 

 

4 treated 

4 control 
5 42 

49 

(98%) 

4 Maramec Spring 

Fish Hatchery 

 

May – Jul 

2011 
M, F 

484 

(55) 

1,474 

(501) 

 
3 treated 

3 control 
1 42 

44 

(88%) 

 

(continued on next page)
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 Water quality
e
 

 Mean (SD) 

water 

temperature 

(°C) 

Mean (SD) 

dissolved 

oxygen 

(mg/L) 

Mean hardness 

(mg/L as 

CaCO3) 

Mean alkalinity  

(mg/L as 

CaCO3) 

Mean 

pH 

 

15.3 

(0.2) 

8.6 

(0.3) 
236 125 8.1 

 

14.4 

(0.2) 

7.1 

(0.4) 
202 144 7.8 

 

13.4 

(0.4) 

6.3 

(0.4) 
233 154 7.8 

 

14.1 

(0.4) 

8.7 

(0.5) 
160 158 7.3 

 

a
F = female; M = male 

b
For each trial, fish size was determined from a sample of 30 fish collected from a reference population. 

c
Pre = pretreatment period; Post = posttreatment period 

d
Target EB dose was 50 µg/kg fish/d. 

e
Standard deviations for mean EB doses administered and mean water hardness, alkalinity, and pH measurements not provided because sample sizes 

were small (n = 3 medicated feed samples/trial, and n = 2 water samples/trial for hardness, alkalinity, and pH). 
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Table 2.  Prevalence and mean abundance of Salmincola californiensis on fish in the reference 

population before the start of each trial and in treated and control tanks at the end of each trial, 

and percent reduction in mean abundance in treated tanks compared with control tanks at the end 

of each trial.  Mean abundance values with different lowercase letter in each row are 

significantly (P < 0.05) different from each other; prevalence data were not subjected to formal 

statistical analysis. 

Mean (range) prevalence 

(%) 

 Mean (SD) abundance 

(number/fish) 

Trial 
Reference 

population 

Treated 

tanks 

Control 

tanks 

 Reference 

population 

Treated 

tanks 

Control 

tanks 

Percent 

reduction 

in mean 

abundance 

1 93 
43 

(33-53) 

91 

(85-100) 
 

5.5 

(4.4) 

3.3y 

(5.4) 

9.5z 

(8.1) 
79 

2 100 
48 

(40-60) 

98 

(91-100) 
 

7.9 

(6.3) 

1.9y 

(4.2) 

6.6z 

(6.7) 
83 

3 100 
15 

(5-33) 

93 

(82-100) 
 

7.3 

(6.0) 

1.3y 

(5.7) 

12.2z 

(13.7) 
96 

4 77 
26 

(18-32) 

74 

(56-92) 
 

6.6 

(12.6) 

1.3y 

(3.8) 

12.5z 

(22.9) 
90 
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Figure 1.  Relative frequency of live adult female Salmincola californiensis counts
on treated fish at the conclusions of four trials to evaluate the efficacy of SLICE-medicated
feed to reduce infestations of the parasite on freshwater-reared rainbow trout.
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Figure 2.  Relative frequency of live adult female Salmincola californiensis counts
on control fish at the conclusions of four trials to evaluate the efficacy of SLICE-medicated
feed to reduce infestations of the parasite on freshwater-reared rainbow trout.
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